In this work we study the indirect effects of squarks and gluinos via supersymmetric-QCD radiative corrections in the decays of the Higgs particles within the Minimal Supersymmetric Standard Model. We consider a heavy supersymmetric spectrum and focus on the main non-decoupling effects. We propose a set of observables that are sensitive to these corrections and that will be accessible at LHC and Tevatron. These observables are ratios of Higgs branching ratios into quarks divided by the corresponding Higgs branching ratios into leptons and both theoretical and experimental uncertainties are expected to be minimized. We show that these non-decoupling corrections are sizeable for all the proposed observables in the large tan β region and are highly correlated. A global experimental analysis of all these observables will allow to reach the highest sensitivity to indirect supersymmetric signals.
Introduction
One of the main goals of the next generation colliders will be to explore the Higgs sector phenomenology. The simplest candidates for Higgs sector physics beyond the Standard Model (SM) are the two Higgs doublets models (2HDM) [1] , and among these, the leading one is provided by the Minimal Supersymmmetric Standard Model (MSSM) [2] . This latter requires a Higgs sector named of type II, where one of the Higgs doublets couples to the top-like quarks, and the other one to the bottom-like quarks. The basic differences between the MSSM and a general 2HDM of type II (2HDMII) rely, first, on the supersymmetric (SUSY) sector, which is obviously absent in the 2HDMII and, second, on the different values of the Higgs self-couplings. In the MSSM, because of the underlying supersymmetry, these couplings are fixed in terms of the electroweak gauge couplings.
In all these models, the physical Higgs spectrum consists of two neutral CP-even Higgs bosons, h o and H o , one CP-odd Higgs boson, A o , and two charged Higgs bosons H ± [1] . The tree-level parameters are the Higgs masses, m h o , m H o , m A o , and m H ± , the mixing angle in the CP-even neutral sector, α, and the ratio of the vacuum expectation values of the two Higgs doublets, tan β = v 2 /v 1 . In the MSSM, due to supersymmetry, these can be written in terms of just two free parameters, which are usually chosen as m A o and tan β. The Higgs masses are therefore not independent parameters in the MSSM, as they are in a general 2HDMII. Once the radiative corrections are included these tree-level mass relations are significantly modified, but there still remains a clear pattern for the Higgs masses in terms of the MSSM parameters [3, 4] . Hence, if all these masses could be measured with good precision the mass pattern itself would be a first indirect indication of their SUSY origin.
The most striking prediction of the MSSM is that the lightest Higgs boson mass lies below 130-135 GeV, within the reach of present and next generation colliders, the Fermilab Tevatron [5] and the CERN LHC [6] . The properties of this Higgs boson h o , however, are very similar to the SM Higgs particle in the so-called decoupling regime where m A o ≫ m Z [7] . For the relevant h o production processes and decay channels at LHC, this decoupling occurs, in practice, already at m A o values not far from the electroweak scale, m EW . For instance, the difference in the width of the main decay, h o → bb, as compared with the SM value, is less than 10% for m A o > 350 GeV and 2 < tan β < 50. There is just one region, corresponding to low m A o and large tan β values, where the pattern of h o branching ratios significantly differs from the SM one. It is because in this region the dominant decays to bb pairs and to τ + τ − pairs are enhanced and, as a consequence, the subdominant channels are significantly suppressed. Thus, for most of the (m A o , tan β) parameter space it seems difficult to disentangle the non-standard nature of h o and, in order to conclude on its SUSY origin, one must consider in addition the phenomenology of the other Higgs particles (for a review see, for instance, [8] ). The relevant question is then moved to the following one. How to find out SUSY signals by looking into h o , H o , A o and H ± production and decays at colliders and, how to distinguish these later from those of a general 2HDMII. Obviously, if the SUSY particles are within the reach of LHC and/or Tevatron, the priority is to look for their direct production. However, it may well happen that these turn out to be too heavy as to be produced directly. In that case one will have to look for indirect SUSY signals via their contributions as virtual intermediate states in standard processes, in much the same way as it was done in the past at LEP for indirect effects from top and Higgs particles in precision observables. We are particularly interested here in their contributions to the radiative corrections involved in Higgs physics.
In this work, we consider a scenario where some or all the Higgs particles have been discovered and their masses and branching ratios have been measured, but the SUSY particles have not shown up yet. We will study optimal strategies to look for indirect SUSY signals via their radiative corrections in Higgs decays [9] [10] [11] [12] [13] [14] [15] . Since it is known that there are specific decay processes where some SUSY radiative corrections do not decouple, even in the case of a extremely heavy SUSY spectrum [16] [17] [18] [19] [20] [21] [22] [23] , we will concentrate on these particular channels. This non-decoupling behavior is genuine of Higgs sector physics and has not been found yet in other MSSM sectors, as for instance in electroweak gauge bosons physics [24] . The non-decoupling processes we consider here are the Higgs decay channels into quark pairs, and more specifically we will concentrate on those that are enhanced at large tan β values: [9, 10, 16-18, 20, 21] and H + → tb [11-13, 19, 20, 22] . We will also analyze the top decay channel t → H + b [14, 15] which is complementary to the H + → tb decay for low m A o values. We will focus, in particular, on the SUSY-QCD corrections from third-generation squarks,q, and gluinos,g, that are the dominant SUSY radiative corrections for most of the MSSM parameter space and are numerically sizeable [9] [10] [11] [12] 14 ]. For instance, in H + → tb they can be as large as 60% and of either sign for quasi-degenerate gluinos and squarks of mass 1 TeV and tan β = 50. These non-decoupling corrections have been derived recently in [23] for all the Higgs particles decay channels into all possible quark pairs, and analyzed in more detail for the h o → bb [16-18, 20, 21] and H + → tb [19, 20, 22] channels. For nearly degenerate gluinos and squarks these SUSY-QCD corrections, to one-loop level, can be generically written as,
, where Γ 0 is the corresponding partial decay width without the SUSY-QCD contribution, α S is the strong coupling constant, µ is the bilinear Higgs MSSM parameter, Mg is the gluino mass, M SUSY is a common generic SUSY mass characterizing the squark masses, and K is a function of β and α that depends on the specific channel [23] . The non-decoupling behavior is seen here as a non-vanishing contribution to the partial width of order O(α S K), which is present even in the limit of a heavy SUSY spectrum where, |µ| ∼ Mg ∼ M SUSY ≫ m EW . These corrections are known to be particularly relevant for the
+ → tb and t → H + b decays, because it is precisely in these channels where the function K grows linearly with tan β and can provide sizeable contributions for the interesting large tan β region. It is worth mentioning that the SUSY-electroweak corrections may also be relevant in particular regions of the MSSM parameter space [9, 13, 15] . In the large tan β regime and for quasi-degenerate squarks, neutralinos and charginos, these are known to behave as ∼ (
tan β, where M SUSY is the common generic mass for squarks, neutralinos and charginos, h t is the tree-level top Yukawa coupling,
, and A t is the top trilinear coupling [16] [17] [18] . However, unless A t is fine-tuned to very large values, A t ∼ |µ| ∼ M SUSY ≫ m EW , these corrections will decouple in the heavy SUSY masses limit. For moderate A t values and a heavy SUSY spectrum, these SUSY-electroweak corrections are considerably smaller than the SUSY-QCD corrections and, hence, they will not be considered in this work.
In order to select optimal observables where to look for these indirect SUSY-QCD signals we require of them, first, to be measurable at the Tevatron [5] , LHC [6] and/or next generation linear colliders 1 . Second, to be the most sensitive to the mentioned SUSY-QCD corrections. And, third, to have the minimal theoretical and experimental uncertainties. We propose and analyze here a set of observables which fulfill all these conditions. These are ratios of branching ratios of Higgs decays into third-generation quarks over the branching ratios of these same Higgs particles into third-generation leptons 2 . We will show that these ratios can be considered optimal observables because:
• The SUSY-QCD non-decoupling corrections contribute just to the numerator, that is, to quark decays and not to lepton decays. The first will be considered as the search channel. The second, as the control channel; • These corrections are maximized at large tan β and are sizeable enough as to be measurable; • The production uncertainties are minimized in ratios; • They will be experimentally accessible at LHC/Tevatron; • They will allow to distinguish the MSSM Higgs sector from a general 2HD-MII.
The paper is organized as follows. Section 2 is devoted to an experimental overview of Higgs particle searches at the Tevatron and LHC. The relevant regions in the (m A o , tan β) plane are shortly reviewed. In Section 3 the set of optimal observables are presented and analyzed in full detail. The leading contributions from tree level and standard QCD corrections to these observables are also studied and their theoretical uncertainties estimated. The explicit formulae for non-decoupling SUSY-QCD corrections from heavy squarks and gluinos are presented. A comparison between a general 2HDMII and the MSSM is also included. The numerical results for the proposed observables and a discussion as a function of the MSSM parameters are presented in Section 4. Finally, the conclusions are summarized in Section 5.
Experimental overview
In this section we turn to the perspectives of the experimental measurement itself. We focus on the next hadron colliders: Tevatron and LHC. From this point of view, a measurement of the SUSY radiative corrections in Higgs physics is the next step to the problem of discovering a signal of the existence of one or several Higgs particles. Only after a discovery, but immediately after, the question of what is the underlying structure of the Higgs sector will raise. As we have said, this is the principal motivation of our study.
The discovery reach problem has been studied careful and extensively by several working groups, both for the Tevatron Run 2 [5] , and for the LHC [6] . In particular, the searches of SM or MSSM Higgses have been used as benchmark channels during the design of the ATLAS and CMS detectors.
Following the results of these studies, one learns that for values of tan β large enough, so that the corrections are sizeable, there are three regions in the (m A o , tan β) plane of phenomenological interest.
The first is the region of large values of tan β (say 10), and low m A o (say m A 120 GeV). Here several production processes grow with tan 2 β, and the corresponding cross-sections are much larger than the SM typical ones. One example is the associated production of a CP-odd boson A o and bottom quarks: gg(qq) → bbA o . In this region of the MSSM, the lighter CP-even boson h o , has essentially the same couplings and mass (within 5%) of the A o , effectively doubling the production cross-section [1] . The heavier CP-even boson H o has SM boson-like couplings, and its production rates are quite smaller. In turn, the charged Higgs H ± is lighter than the top quark, and t → bH + happens in a sizable part of the top decays. With such large cross-sections and relatively small masses this has been the Tevatron main scope region during Run 1. In fact, the CDF Collaboration has already searched for associated production of
, excluding a part of the (m A o , tan β) plane. Also, CDF and D0 have excluded a part of the MSSM parameter space corresponding to unobserved decays t → bH + , with H + → τ + ν [29] . More specifically, the region where
1. It is clear that the search will continue in Run 2, and a discovery is possible before the start of the LHC [5] .
The first analysis, takes advantage of both the large cross-section (O(1-100 pb)), and large B(A o → bb) ∼ 90%. The experimental signature is four jets with at least three of them b-tagged. This channel has also the advantage that allows the reconstruction of m A o and, once this mass is known, the production rate gives idea of the size of tan β. On the other hand, as any search in a purely hadronic channel, the QCD background has to be properly understood. Systematic errors at the 20 − 30% level are not infrequent [27] .
In contrast, the channel A o → τ + τ − , has to overcome a relatively smaller branching ratio (∼10%). However, the electroweak background Z(→ τ + τ − )+ jets is considerably less dangerous [28] .
If a A o signal were found in these analyses, the corresponding ratio of bb to τ + τ − events would be a direct test of the SUSY-QCD corrections. A possible signal in the charged Higgs channel could also be useful [15] . In this case, it also happens that the SUSY-QCD corrections do not decouple in the t → bH + decay but they do decouple in the standard channel, t → bW + [26, 30] . This is the reason why Γ(t → bW + ) is considered now as the corresponding control width. The problem in this case is that the tree-level prediction changes rapidly with m H + and tan β. On the other hand, the accuracy in the experimental reconstruction of m H + in the decay H + → τ + ν is limited, and this channel by itself does not provide information about tan β. It should be pointed out that the LHC experiments will be able to explore this channel very efficiently.
The second region of interest still has large tan β, but 140 GeV m A o 500 GeV 3 . With so large masses this can be considered the genuine search zone of the LHC experiments [6] . In this zone, the heavier CP-even boson In this region, the mass of the charged Higgs is either very close to m t and B(t → bH + ) is negligible, or m H + > m t and t → bH + is directly forbidden. Then, the main possibility of producing charged Higgses is in the process gg(qq) → btH + . Again this cross-section grows approximately (at large enough tan β) with tan 2 β. The main possibility of the Tevatron here would be to detect the SM-like boson h, in associated production→ W (Z) h o , and h o → bb. Also, the analysis of the ratio (
can be extended, but only for relatively small values of m A o , and very large values of tan β [5] .
With respect to these last channels at the LHC, the challenge will be to detect the decay A o (H o ) → bb in events with four b-jets. Studies have shown that to control the QCD background will be very difficult. In contrast, it will be possible to measure the decay
Both channels are leptonic, and therefore do not allow an estimation of the SUSY-QCD corrections. However they will provide good measurements of m A o and tan β, that can be used in addition to other analyses (say H + → τ + ν). Current studies for the LHC [6] indicate that values of ∆m A o /m A o better than ∼ 1% and of ∆ tan β/ tan β better than ∼ 12% ( if tan β > 10) can be reached.
In case that m H + > m t + m b , the decay channel H + → tb opens and can be used not only to complement the decay H + → τ + ν, but also to provide an independent estimation of m A o (in the frame of the MSSM) and tan β.
Finally, we mention the very interesting region with m A o 140 GeV and intermediate 3 tan β 10. At the LHC this zone is called the "hole" because the only Higgs particle accessible is the SM-like one. Here the main question would be not only to discriminate the MSSM from a more general 2HDM sector, but to know if there is something beyond the plain SM.
We will see in the next sections how the SUSY-QCD corrections can be used for that matter.
Optimal observables
In this section we present the set of observables that are the most sensitive to the non-decoupling SUSY-QCD corrections.
Since we are looking for indirect signals of SUSY in an experimental scenario described by the discovery of Higgs particles, with masses following the MSSM pattern, and where the SUSY-particles are too heavy to be produced in colliders, we will search for observables with very specific conditions. From the theoretical point of view the requirements are the following:
• In order to discriminate between the MSSM and a non-supersymmetric 2HDMII, we need observables with different predictions for these two models.
• These predictions should be distinguishable even in the case of a very heavy SUSY spectrum.
• The theoretical uncertainties must be minimized. Some specific ratios of branching ratios will cancel either totally or partially these uncertainties. In particular we wish the tan β and α dependence to appear just in the correction, but not in the lowest order contribution.
On the other hand, the experimental requirements are the following:
• A control channel is needed in order to eliminate systematic errors, so that ratios of event rates are better than event rates themselves.
• The corrections to the observables should be sizeable in the large tan β regime, since the relevant Higgs production cross sections grow with this parameter, such that we have better statistics for larger values of tan β.
• Good identification of the final state particles.
• Experimental uncertainties from Higgs particles production must be minimized. These will cancel in some specific ratios of events from Higgs decays.
• The expected accuracy at LHC/Tevatron for these observables should be good enough, such that the deviation produced from the corrections becomes apparent. In particular, the size of the SUSY-QCD corrections must be larger than the expected error bars.
We propose the following set of optimal observables, which fulfill the previous theoretical and experimental requirements:
.
(
In addition, we consider the following ratio,
which complements the charged Higgs observable in the low m A o region. The predictions for these observables at the tree level are the same for any general 2HDMII, and in particular for the MSSM. These are,
wherẽ
As a general remark, the differences in the predictions from the various models for all these observables come in the corrections beyond the tree-level and will be discussed in the following subsections.
In particular, it is interesting to emphasize that the predictions for the neutral Higgs observables at the tree-level are independent of tan β and α.
The charged Higgs observable depends on tan β, but this dependence is very mild in the large tan β region. Therefore, these observables are specially sensitive to any extra contribution growing with tan β. In the top decay observable, however, the tree level prediction goes as tan 2 β, for large tan β, and it will be more difficult to disentangle the mentioned contributions. Other analyses of the observables for the neutral channels in the large tan β limit and in the zero external momentum approximation can be found in [18, 31] . The neutral channels case with Higgs mass corrections included has been analized in [17] .
SUSY-QCD contributions
The non-decoupling SUSY-QCD contributions to these observables in the MSSM can be easily derived from the results for the effective Yukawa interactions of the Higgs sector to top and bottom quarks. These have been recently obtained at one-loop level, for arbitrary tan β, and by a functional integration of sbottoms, stops and gluinos in [23] . For nearly degenerate heavy squarks and gluinos, these corrections can be written as,
Here, µ and Mg are the MSSM bilinear parameter and the gluino mass respectively. M SUSY is the common SUSY mass for squarks and gluinos (M SUSY ∼ Mq ∼ Mg) and α S is the strong coupling constant evaluated at the corresponding decaying particle mass. The leading terms O o refer to the value of the observables without the SUSY particle contributions and will be discussed in the next subsection. These formulae are for heavy squarks and gluinos, that is, for large M SUSY , and are valid for all tan β and m A o values. Corrections to the previous formulae are of either higher order in α S or they are suppressed by higher inverse powers of the heavy SUSY masses M SUSY and, for the present analysis, can be safely ignored.
From a first look at eq.(4) one sees clearly that the observables have different predictions within the MSSM and in a general 2HDMII, since the former includes the SUSY-QCD corrections, which do not exist in the latter. This main difference comes from the non-decoupling behavior of the SUSY-QCD corrections in the Higgs decays into quarks (and in the top decay into charged Higgs), which is relevant even for a very heavy SUSY spectrum, Mg ∼ |µ| ∼ M SUSY ≫ m EW . Notice also that, as mentioned before, these SUSY-QCD contributions grow linearly with tan β so we expect sizeable corrections for large tan β.
There are two limiting situations that are worth mentioning: the large m A o limit, m A o ≫ m Z , and the large tan β limit, tan β ≫ 1. In the former limit, cot α approaches − tan β (correspondingly, tan α → − cot β) and, as can be seen in eq.(4), the SUSY-QCD correction decouples in O h o . The other observables get exactly the same non-decoupling correction, being proportional to (tan β + cot β). Besides, in this limit, the H o and H + masses approach the large A o mass. The leading contribution O o h o approaches the SM prediction and, therefore, as commented before, the situation cannot be distinguished from the SM case. In the large tan β limit, the corrections do not decouple in any channel, they are all proportional to tan β, and have all the same sign. The universal character of the corrections will be very useful in a global analysis, because it will yield strongly correlated signals in all the channels.
Predictions for O o in the MSSM
Here we discuss the predictions for the leading contributions to the observables, O o , that do not include the SUSY particle contributions. Our purpose is to evaluate their uncertainties, and study whether or not they can mask the SUSY-QCD corrections. Uncertainties below 1% are neglected.
The leading contributions O o are computed here within the MSSM, and consist of the tree level part plus the one-loop α S corrections from standard QCD 4 . They are evaluated numerically with the FORTRAN program HDE-CAY [32] , using the renormalization group approach of [33] to obtain the MSSM Higgs boson masses. These standard QCD corrections contribute obviously just to the decays into quarks and are known to be as large as 50% (for a review, see [8] ). In order to take into account large contributions from higher orders, we have used the running bottom mass instead of the pole bottom mass. This resummes the leading logarithms and improves the convergence of the series. To illustrate this, we show here the case of A o →bb. We compare, in Table 1 , the results of Γ(A o →bb) for m A o = 500 GeV (normalized to the tree level width), computed at tree level, and at orders O(α S ) and O(α 2 S ) in perturbation theory, using both the pole and running masses. As can be seen from the results in this table, the convergence of the series is notably improved when the running mass is used. Besides, the error committed by ignoring O(α Table 1 : Comparison of QCD contributions to Γ(A o →bb), normalized to its tree level value, using the pole bottom mass and the running bottom mass, for m A o = 500 GeV. the running bottom mass and α S are evaluated at the corresponding particle decaying mass. We do not include, however, the standard electroweak radiative corrections from W ± , Z, γ, or from extra Higgses since they are known to be below ∼ 1% in the MSSM (for a review, see [8] for the Higgs bosons decay case and [15] for the top decay case).
The We next analyze the theoretical uncertainties in the evaluation of the ratios in eq. (1) and eq. (2) coming from the experimental errors in the values of the SM parameters involved in their determination, at one-loop and order α S . We have found that the only significant are the ones coming from errors in the bottom and top quark masses and in the strong coupling constant α S . We have used the results from [34] :
The uncertainty coming from these experimental errors is δO = of the same size for all the observables. Finally, the uncertainty related to m t is only significant for the charged Higgs and top cases, in the vicinity of the corresponding kinematical thresholds. The total uncertainty in the sixth column, has been evaluated as the sum in quadrature of the numbers in the previous three columns and the error coming from neglecting the O(α 2 s ) corrections.
Total 100 GeV 2% 11% < 1% 12% δO n 250 GeV 3% 10% < 1% 12% 500 GeV 3% 11% < 1% 12% 100 GeV 1% 8% 6% 11% δO c 250 GeV 1% 10% 7% 13% 500 GeV 3% 11% < 1% 12% In summary, the MSSM predictions for the previous Higgs observables are known up to an uncertainty of the order of 13%. Any extra correction must be larger than that to be visible.
Comparing 2HDMII and MSSM
Here we investigate the similarities and differences of the set of observables defined in Section 3.1, in a general 2HDMII as compared to the MSSM. For a given Higgs sector mass pattern that is compatible with the MSSM, the values of the observables at the tree level, and after including the standard QCD corrections, coincide with the corresponding ones in the MSSM. Note that the mixing angle in the neutral sector, α, is a derived quantity in the MSSM, whereas in the 2HDMII it is an independent parameter (in principle −π/2 ≤ α ≤ π/2, but actually the range in α is further restricted if the Higgs potential is required to be bounded from below) and, hence, its value can be different in both models. However, since the branching ratios in the numerator and denominator of our observables, O, have the same dependence in α, at the tree-level, the O tree themselves are α-independent (see eq. (3)). When the standard QCD corrections are included, this α-independence is still maintained. On the other hand, the standard electroweak corrections from W ± , Z, γ are also similar in both models and, as already said, they have been estimated to be below 1% and can be ignored here. Therefore, the only differences, apart from the SUSY corrections, could come from the Higgs sector radiative corrections. As mentioned before, these are negligible in the MSSM but, in principle, could be larger in the 2HDMII. The reason is that these corrections involve the Higgs self-couplings which in the 2HDMII are not restricted by SUSY and, in principle, can be large. We have estimated these potentially different contributions from the Higgs sector to the one-loop level and for a Higgs mass pattern compatible with the MSSM, and they turn out to be very small. Certainly well below the common ones discussed in the previous section.
In order to illustrate this we discuss the case of A o . We show in Fig.2 the maximum absolute value of the difference between the MSSM and 2HDMII Higgs sector corrections for O o A o (after scanning the allowed range in α), relative to the tree-level prediction, O tree A o . More specifically, these differences come exclusively, from the α-dependent one-loop diagrams, and from the triangular one-loop diagrams involving the Higgs self-couplings. The contour lines limit the regions in the (m A o , tan β) plane where the maximum difference between the MSSM and 2HDMII is larger than 0.1%, between 0.05% and 0.1%, between 0.01%, and 0.05%, and below 0.01%. In the region of interest, m A o > 84.1 GeV [34] , this difference is always less than 0.1%.
In summary, as announced, the basic difference between the MSSM and a general 2HDMII model, with respect to our observables, is that the large SUSY particle loops corrections do not exist in the second case. In the next section we discuss these contributions.
Results and discussion
In this section we present the numerical results for the SUSY-QCD corrections to the set of observables
The relevant parameters in this discussion are tan β, m A o , µ and M SUSY (M SUSY ∼ Mq ∼ Mg). We first discuss the behavior with tan β. In order to focus on this tan β dependence, we consider the simplest choice for the SUSY mass parameters, that is, M SUSY = Mg = |µ|. We show in Figs the H o and A o channels. For the h o , there is a very slight dependence at low tan β, while for H + this dependence is very strong in the low tan β region and it softens for tan β > 15, as expected from eq. (3). In any case, the predictions for all the Higgs observables without the SUSY-QCD contributions are tan β insensitive in the large tan β region. This is very different for the top observable: it depends strongly on tan β in all the parameter space.
Concerning the size of the SUSY-QCD corrections, we see that there is always a tan β region where these are larger than the theoretical uncertainties. For m A o = 500 GeV and m A o = 250 GeV, the observables O A o and O H o behave similarly and the predictions surpass the shadowed band for tan β > 5. For m A o = 100 GeV, the crossing still happens at tan β > 5 for A o , whereas for H o the bold lines lie outside the error band in the whole region 2 < tan β < 50.
In the h o case the situation is qualitatively different. For m A o = 500 GeV, the SUSY-QCD correction is below the theoretical uncertainty for all values in the region 2 < tan β < 50. This is a manifestation of the decoupling of this correction for large m A o values, as commented in Section 3. operated yet and the SUSY-QCD corrections are sizeable for large enough tan β. In particular, for m A o = 250 (100) GeV, they are larger than the theoretical error band for tan β > 15 (5 respectively).
Regarding the charged Higgs case, two different situations must be considered. For m A o = 100 GeV, where the decay into a top and a bottom is not kinematically allowed, the observable O t is considered. Otherwise, for m A o = 250 GeV and m A o = 500 GeV, the relevant observable is O H + . As can be seen in Fig. 5 , the SUSY-QCD corrections in O t for m A o = 100 GeV are above the theoretical uncertainty for tan β > 15. However, as pointed out in Sect. 2, the central value prediction also depends strongly on tan β (and m A o ) and it will be difficult to identify the effect of the SUSY-QCD corrections above the additional uncertainty related to the experimental errors on For O H + and m A o = 500, 250 GeV both requirements, the correction being larger than the theoretical error and the leading contribution being insensitive to tan β are fulfilled for values larger than about 15. We next discuss on the M SUSY dependence. For this purpose, we fix the |µ| value to 250 GeV and choose Mg = M SUSY . Fig. 6 shows the predictions for the observables as a function of M SUSY for m A o = 250 GeV, tan β = 30, and both signs of the µ parameter. Since, in this case, the SUSY-QCD corrections go as 1/M SUSY , their size will be below the theoretical uncertainty for large enough M SUSY . This occurs in Fig. 6 We finally turn to the question of what is the experimental resolution required to evidence the above effects, after a Higgs signal is found at a given position in the (m A o , tan β) parameter plane. The predictions for the The shadowed zone in each plot represents the region where the corrections (if existing) are totally hidden inside the theoretical uncertainty discussed in Sect 3.2. Even the perfect experiment with infinite statistics and perfect resolution cannot conclude about the size of the corrections. This zone is particularly large for the SM-like h o covering a large fraction of the LHC "hole" (see Sect. 2). On the other hand, to have a decoupling channel can be useful as it can provide the "calibration" of what should be expected for the other channels without corrections.
In all plots in Figs. 7 and in Fig. 8 , the space above the long dashed line is the plane region that could be accessed experimentally with a modest 
Conclusions
In this paper we have looked for indirect signals of a heavy supersymmetric spectrum via its contributions to the radiative corrections to Higgs decays. For that purpose we have analyzed the dominant SUSY-QCD corrections, coming from heavy squarks and gluinos, to the Higgs decays into quarks. We have studied in detail the non-decoupling contributions, specially in the large tan β region where their size is large. In order to search for these SUSY signals, we have proposed a set of observables consisting of ratios of Higgs branching ratios into third-generation quarks ( . In addition, the observable for top decays given by the ratio of B(t → H + b) divided by B(t → W + b), complementary to the previous charged Higgs observable in the low m A o region, has been analyzed. These observables are optimal for this purpose since the SUSY-QCD corrections appear just in the decays to quarks and, therefore, the decays into leptons can be used as control channels.
We have carefully studied any sources of uncertainty that would modify the prediction of the observables, previous to the SUSY-QCD corrections. In particular, the theoretical uncertainties coming from the QCD corrections, and from the errors in the values of the SM parameters involved in the determination of these observables, have been evaluated. Besides, it has been found that the SUSY-QCD corrections will allow to discriminate between the MSSM and a non-supersymmetric 2HDMII, even in the case of a similar Higgs sector mass pattern.
Our detailed study of this set of observables has revealed their high sensitivity to the SUSY-QCD contributions and shown that they are sizeable in most of the (m A o , tan β) plane. The corrections to the different observables are strongly correlated. A global analysis of all of them, together with the experimental determination of m A o and tan β, will be part of the search for supersymmetric signals at future colliders, specially if the SUSY spectrum turns out to be very heavy. The measurement of these observables should be the next step after a Higgs discovery at the LHC or the Tevatron. We have seen that, with a modest experimental resolution of 50%, the observables would show evidence of the SUSY-QCD corrections to the A o , H o , and H + decay widths, if tan β 20 − 25. A better resolution of 20% would show the corrections down to tan β 10 − 15. Observation of the corrections in the h o case would require, in general, quite large values of tan β. We hope our study will encourage our colleagues of CDF, D0, ATLAS, and CMS to investigate the actual performance of their detectors.
